The study aimed to test whether the decrease in testosterone level during aging is the underlying mechanism for the deterioration in memory and cognitive functions. 
INTRODUCTION
Aging in men is associated with a steady decline in gonadal androgen production (hypogonadism) Besides, learning and memory were tested using Morris water maze for different groups was carried out.
hippocampal extracellular transmitters and the other for the Morris water maze task.
Unilateral castration:
The animals were anesthetized by intraperitoneal injection of pentobarbital (50.0 mg/kg). With an incision into the lower part of abdominal cavity, the testis, vas deferens, and attached testicular fat pad are pulled out of the incision. The blood vessels were closed by knotting with surgical thread. The testis, vas deferens and fatty tissues were severed just below the site of legation and the wound was sutured. Sham group was subjected to the surgical procedure without removing the testis, vas deferens and the attached parts. Two weeks after surgery, the animals were used for the experiment. Levels of testosterone and estradiol were determined according to kit's manuals and read by microplate reader at 450 nm against reference filter set at 630 nm. In vivo determination of hippocampal DA and 5-HT
The rats were anesthetized with pentobarbital (50.0mg/kg, i.p.) and mounted on stereotaxic frame and implanted with guide canulae in CA1 in hippocampus. The stereotaxic coordinate were 3.8 mm caudal to bregma, 1.6 mm from medial-lateral, and 3.6 mm ventral from the dura surface (according to the atlas of Paxinos and Watson (29) . Two jeweler's screws were placed in the skull surrounding the cannula and cemented in place with dental acrylic. The extracellular level of CA1 hippocampal DA and 5-HT were determined in both sham and unilateral castrated animals by perfusing the implanted probe at constant flow rate of 2µl/ min with artificial CSF (composed of 145 mM NaCl, 3 mM KCl, 126 mM CaCl 2 , and 1mM MgCl 2 , buffered at pH 7.4 with 2 mM sodium phosphate buffer). The perfusate was collected every six min. and automatically injected and assayed by HPLC with electrochemical detection. After 1 hour of stabilization, to reach uniform concentration of DA and serotonin in dialysate, ten samples were collected from each animal to measure the initial extracellular DA and 5-HT levels.
Following determining hippocampal dopamine and serotonin, probe positioning was histologically verified on a regular basis as shown by Clinckers et al.
.
Morris Water Maze (MWM) test
The MWM test (30) was selected as a method of evaluation of spatial learning and memory. A circular and galvanized water tank (150 cm diameter x 50 cm height) was filled to a depth of 25 cm with water. The surface area of the tank is divided into four equal quadrants. The water was made opaque by addition of milk powder, and its temperature was maintained at 24 ± 1 ○ C. A hidden transparent circular platform (10 cm diameter) was placed 1.5 cm below the water surface and kept in constant position in the center of one of the four quadrants of the pool. The animals were gently released into the water, always facing the tank wall from three randomly assigned start locations (excluding the platformcontaining quadrant) and allowed to search for the platform. The trial ended when an animal climbed onto the platform or when a maximum of 120 sec elapsed. When a rat mounted the platform, it was kept there for 30 sec, if the rat didn't reach the platform; it was transferred onto the platform by hand and kept there for 30 sec. Animals were trained for two days ( a total of 6 trial-blocks) at the same time each day. After the training period, a probe test was administered on day 3. During this trial, the platform was removed from the pool. The latency to reach the previous location of the platform was measured during each trial. Animals were placed in a quadrant opposite to the location of the training platform and allowed to swim for 120 sec. Both the time the rat spent in searching for the platform in each quadrant and the number of times the rat entered to the quadrant of the former platform location were measured. After completion of the probe trial which assess the memory consolidation, the visible platform training was started to study possible non-spatial learning defects,
i.e. sensorymotor abnormalities. During the visible platform trials, the platform was elevated 0.5 cm above the water level and marked by a flag. The location of the visible platform varied for each trial. Data collection was performed automatically by an online videotracking device designed to track an object in a field. Escape latency (the time to climb onto the platform) and swimming speed (the distance that the animals swam divided by escape time) were determined for each trial with a behavioral tracing analyzer.
Quantitative analysis of BDNF mRNA real-time PCR
All the animals were sacrificed and hippocampus was quickly excised on ice. Each right or left half of hippocampus was taken separately in liquid nitrogen for RNA determination. Total RNA was extracted from isolated hippocampus using a TRIzol® Reagent, (Invitrogen) according to method of Chomcsynski and Sacchi (31) . cDNA was synthesized from 200 ng of total RNA Synthesis Kit, following the suppliers protocol (Bio-Rad). Levels of BDNF mRNA were determined after reverse transcription by real-time PCR using a Chromo 4 TM (Bio-Rad). The iQ TM SYBR® Green Supermix (Bio-Rad) kit was used. Primers for BDNF were constructed using Primer3 software. For standardization of quantification, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was amplified simultaneously. The change of reporter fluorescence from each reaction tube was monitored by Chromo 4
TM . The threshold cycle of each gene was determined as PCR cycles at which amplification efficiency in reporter fluorescence is almost 100 % as much as possible. The level of original mRNA expression of target gene and GAPDH was calculated according to a standard curve made by total RNA extracted from whole brain. In order to reduce the variation between individuals, the expression level of target gene was normalized by that of GAPDH.
Statistical analysis:
Data reported as means ± S.E. Statistical analysis was carried out using One way ANOVA followed by post-hoc LSD test (SPSS 13.0). Probability value of P <0.05 was considered significant.
RESULTS
Unilateral castration induced a significant decrease (P< 0.001) in the level of both testosterone and estradiol in blood in comparison to sham group. Exemestane administration to castrated group significantly (P<0.001) increased the level of testosterone and induced minor changes in the level of estradiol after 2 and 4 days of drug treatment, in comparison to unilateral castrated group. Exemestane treatment to normal group significantly (P< 0.001) increased the level of testosterone and decreased the level of estradiol after 2 days and approached the normal level after 4 days of drug treatment (Table  1) .
Unilateral castration in rats induced significant increase (P<0.001) in extrcellular level of both dopamine and serotonin in CA1 hippocampal region in comparison to sham group. Exemestane treatment to both castrated and sham groups significantly (P<0.001) depressed dopamine and serotonin release to a level lower than the sham group. There was no significant difference in extracellular dopamine and serotonin levels between exemestane-castrated and exemestane -sham groups (table  2) .
During the hidden platform phase in the first and second day, castrated rats exhibited least latency to reaching the platform compared with sham and exemestanetreated groups. Exemestane treatment showed highest latency to reaching the platform in comparison to castrated and sham animals ( Figure 1) . The working memory test (the probe test) showed that castrated rats spent high percentage time in the target quadrant within 120 sec. compared with sham and exemestane-treated groups. On the other hand, exemestane groups (castrated-and sham-exemestane) spent the lower percentage time in the target quadrant within 120 sec in comparison to castrated and sham animals (Figure 2 ). There was no difference in the performance between different groups measured on visibility test (Figure 3 ).
In addition, unilateral castrated animals exhibited a depressed expression level of BDNF in the hippocampal region in comparison to control (sham) group. Meanwhile, exemestane treatment significantly decreased the expression level of BDNF in control group and didn't change the depressive effect of castration in castrated group. (Figure  4 ). Alternatively, we might speculate that testosterone and estradiol play antagonizing actions and the maintenance of their ratio is very important for the normal brain neurotransmission. Thus, testosterone through its binding to the androgenic receptors exerts a braking effect on both serotonergic and dopaminergic neurotransmission in the normal state. Whereas, in hypogonadism, the braking effect of testosterone diminishes and the enhancing effect of estradiol prevails leading to an activation of the dopamine and serotonin neurotransmission. In accordance to this interpretation, intra-CA1 hippocampal injection of testosterone impaired learning and memory acquisition, consolidation and retrieval in adult male rats (33) . Moreover, Martin et al.
(34) indicated that higher levels of endogenous testosterone, particularly in the elderly, may have deleterious effects on cognitive functioning in men.
In accordance, gonadectomy has been shown to increase the activity of brain monoaminergic neurons and reduced 5-HT depletion-induced disinhibitory behavior in shockinduced behavioral inhibition model (punished conflict model), whereas testosterone substitution antagonize this effect, which might be related to serotonin release (35) . Moreover, Aydin et al.
(27) indicated that administration of an aromatase inhibitor, letrozole (1mg/kg, p.o.) significantly decreases dopamine and noradrenaline in the hippocampus. It is worthy to note that there exists a correlation between the elevated level of testosterone with the lower serotonergic activity measured by low cerebrospinal fluid 5-hydroxyindolacetic acid form one side and appearance of behavioral abnormalities like aggression, anxiety and depression from the other side (36) . Consistently, Keleta et al. (37) indicated that repeated testosterone treatment significantly reduced levels of 5-HT and 5-HIAA in most brain regions except frontal cortex.
Morris water maze task
Hidden platform test indicated that castrated rats exhibited enhanced learning ability (least latency to reaching the platform) compared with sham and exemestane-treated groups. indicated that androgens decreases dopamine neurons survival in rat midbrain.
The study indicated that hypogonadism has a positive effect on hippocampal neurotransmission and cognitive functions, at the short term, due to the imbalance of testosterone/estradiol in favor of estradiol and exerts adverse effect on hippocampus neurogensis. In addition, it seems that testosterone's effects are due to its conversion to estradiol rather than to testosterone itself. Consistently, exemestane inducednegative effects might be due to imbalance of testosterone/estradiol ratio in favor of testosterone. The study speculates that declines in endogenous testosterone in healthy middle-aged individuals are just cooccurred physiological declines along with age-related deterioration in cognition and memory. Moreover, the long term effect of hyopgonadism on cognitive functions and neurogenesis merits other studies.
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